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ABSTRACT 
Field-affected sodiuia diffusion is studied in an effort to 
prevent sodium contamination of fused quartz furnace tubes. Sodium 
impurities which penetrate the fused quartz walls are incorporated 
into silicon wafers during the high temperature oxidation and dif- 
fusion processes. These impurities are detrimental since they act 
as a source of mobile ions in the oxide of MOS devices. Sodium 
also provides nucleation sites for devitrification of the fused 
quartz furnace tube which limits the usefulness of the tube. 
Devitrification of the tube produces defects which allow transition 
metal impurities to diffuse through the tube and subsequently con- 
taminate  the wafers  housed within. 
In order to study the effect of applied field on sodium dif- 
fusion in fused quartz, plates of fused quartz are contacted via 
platinum electrodes. The plates are heated to 700°C in the 
presence of a sodium source, and are subjected to a field of ap- 
proximately 6 50 V/cm (2000 V/inch). For comparative purposes, ex- 
periments arevalso performed in which plates undergo diffusion 
without  an applied field. 
The results definitively show that the positively charged 
fused   quartz   plate   reduces   sodium   diffusion,   while   the   negatively 
charged plate enhances sodium diffusion. This is in agreement with 
the results predicted by the proposed mechanism of sodium dif- 
fusion. The implication of this result is that prevention of 
sodium diffusion through furnace tube quartz by applied positive 
bias is feasible. This is especially true considering that the ob- 
served affect occurred at 700°C. If the temperature of application 
is raised to that of the high temperatures of oxidation and dif- 
fusion, 1000 - 1200°C, the affect should be greatly improved. This 
is because the conductivity of fused quartz increases with increas- 
ing temperature, and, thus, a uniform field will be developed on 
the suface of the fused quartz. The prevention of sodium'diffusion 
via field application is of great technological importance as a 
major source of mobile ions and transition metal contamination in 
the silicon wafers will be eliminated. The lifetime of the furnace 
tube will also be lengthened since the major source of nuclei for 
the devitrification process will not be available. 
*Sf|, Chapter  1 
INTRODUCTION 
It has long been known that sodium contamination of the oxide 
in MOS structures deleteriously affects "electrical characteristics 
by producing threshold voltage instabilities. Transition metal 
contamination of the wafers during processing also results in 
degraded performance. The processing steps involved in wafer 
fabrication have been analyzed independently by neutron activation 
to determine their individual contribution to the impurity con- 
tamination problem. [1] It has been determined that the high tem- 
perature processing steps are the critical steps in which con- 
tamination needs to be brought under control. At the high tempera- 
tures of thermal oxidations and diffusions, >1000°C, the hot 
ceramics of the furnace act as an inexhaustible source of 
sodium. [2] Steps have already been taken to reduce the contamina- 
tion by incorporating high purity alumina or KT SiC furnace liners. 
Also, chlorine additives to oxidations act to scrub the fused 
quartz furnace tube and also passivate existing sodium in the 
devices. [3] The sodium itself' can be removed to a large degree 
once it has entered the thermally grown oxide by an etch-back tech- 
nique. This is because the sodium resides mainly at the surface of 
the oxide and is thus etched off. This does leave a tail of 
sodium,   however,   in   the   bulk   of   the  oxide.      These  sodium ions   act 
L 
as  a source of mobile  ions in  the oxide.   [H] 
Perhaps the mostey detrimental aspect of the sodium impurities 
is that they set up nucleation sites in the fused quartz tube which 
act to,-enhance its devitrification. [5] Upon thermal cycling, the 
devitrified areas tend to weaken the tube mechanically and shorten 
lifetime. Also, these devitrified areas which provide grain 
boundaries in the previously amorphous structure encourage tran- 
sition metal diffusion by providing easy diffusion paths. [3] The 
transition metals can now pass through the tube and further con- 
taminate the wafers. These metal impurities will alter desired 
electrical  properties. 
For these reasons, it is ourN goal to study the diffusion of 
sodium through furnace tube quartz and to find a means of prevent- 
ing this diffusion, thereby preventing devitrification, transition 
metal  diffusion and contamination by   these  impurities. 
Chapter 2 
BACKGROUND 
2.1 Problem Definition 
Devitrification is the process by which a fused quartz furnace 
tube in its amorphous or glassy state undergoes transformation to 
the crystalline state. ' This process has been studied by many 
researchers. Fused quartz devitrification is of scientific inter- 
est because the amorphous and crystalline phases have the same com- 
position, that composition being SiO-. [6] This is characteristic 
of only a few glass systems. Devitrification of furnace tube 
quartz is of great technological importance because it shortens 
tube lifetime by producing structural defects and thereby mechani- 
cally weakening the tube. These defects, such as incipient grain 
boundaries, also act as fast diffusion paths for transition 
metal-s. [3] These metals contaminate^ the wafers which are housed 
within the tube during high temperature processes and alter their 
electrical behavior. It is thought that sodium sets up nucleation 
sites for devitrification [5] and thus prevention of sodium dif- 
fusion will greatly reduce defect formation and subsequent tran- 
sition metal contamination. 
2.2 Source of Sodium 
Fused quartz furnace tubes are used■ in high temperature 
processing steps such as thermal oxidation and diffusion. They are 
used in conjunction with furnace liners which are usually high 
purity alumina. The liner is used to prevent sodium contamination. 
It<?has been determined that the liner itself is now acting as the 
largest source of sodium. Although, the liner is of high purity, 
it still contains, in the case of high purity alumina, 350 ppm of 
sodium. See Tables I, II, and III for impurity levels of various 
furnace liner materials and of an unused clear 'fused quartz 
tube. [7] Comparison of these liner materials with the clear fused 
quartz (CFQ) tube shows that the sodium level of the CFQ tube is 
relatively insignificant. Thus, it is necessary to shield the 
sodium existing in the liner from the CFQ tube, especially when one 
considers that the sodium can penetrate the tube in approximately 
30  seconds.   [2] 
2.3 Mechanism of Devitrification 
The mechanism of devitrification as enhanced by sodium "im- 
purities involves diffusion of sodium into the fused quartz. The 
sodium is thought to diffuse quickly through the open structure of 
the silica via strings of interconnected interstices. [8] The 
sodium sets up nucleation sites for crystallization [5] and the 
crystalline phase, beta cristobalite, heterogeneously nucleates at 
impurity sites and surfaces. [9] Figure 1 shows the structure of 
the crystalline and amorphous phases of SiOp. [10] Following the 
nucleation process, crystal growth occurs. 
The devitrification rate of a furnace tube at 1200°C in a very 
clean ambient is around .01 microns/hr, while .37 5 microns/hr is 
given for a diffusion tube under normal conditions. [5] A tube pur- 
posely contaminated with sodium impurities may have a devitrifica-    / 
tion rate in the microns per minute range. 
2.k  Factors Effecting Devitrification Rate 
2.4.1 Effect of Oxygen and Water 
When one views a piece of a fractured furnace tube from a wet ' 
oxidation furnace that has failed due to devitrification, it will 
be observed that the heavily devitrified region will be the inside 
wall of - the tube.  This is because water acts to greatly enhance 
the rate of devitrification for reasons we will learn shortly. 
Experiments have been conducted by F. E. Wagstaff in order to 
compare the devitrification rate in water, oxygen and an inert am- 
bie.nt on. both commercial fused quartz and stoichiometric Si'Opi [11] 
It should be noted that commercially manufactured fused quartz 
deviates from stoichiometry in that it is in an oxygen deficient 
% 
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state. The comraercial fused^quartz shows an increased devitrifica- 
tion rate in oxygen over the rate in an inert ambient. This is be- 
cause the oxygen diffuses into the fused quartz and provides stoi- 
tejaiometry which is necessary in order for the anorphous to crystal-, 
line transformation to take place. The stoichiometric Si02 shows 
no increase in devitrification rate in oxygen as compared with its 
rate in the inert ambient. Obviously, in this case there is no 
need for the in-diffusion of oxygen to provide the stoiohiometry 
required for  transformation. 
The  devitrification  rate for   commercial  fused  quartz  in water 
is  observed  to be larger  than the rate  in the inert  ambient.     This, 
s* again,   is  due  to  the water  providing oxygen  to  the oxygen deficient 
sample. The    stoichiometric    SiO_    also    shows     an    increase    in 
devitrification rate, however, and Uagstaff proposes that this is 
due to the breaking of Si - 0 bonds by the water. In the water am- 
bient, the structure is weakened by the formation of hydroxyl 
groups and, therefore, easier rearrangement of the atoms into the 
crystalline  phase  is possible. 
2.4.2 Role of Coexisting Alkali  Oxide and Alumina Impurities 
Alkali-aluminate    complexes    form   on   the   ppm   level    in   fused 
quartz. These     determine     the     viscosity,   [12]     and     thus     the 
devitrification    rate     of     the     CFQ     as     shown    by     the    following 
t 
equation:   [13] 
dy/dt .=  A(A1203/M20)-1 
where dy/dt is the devitrification rate, A is a constant of 
proportionality, and M is an alkali metal. As shown in Figure 
2, [13] the devitrification rate is inversely proportional to the 
molar ratio of alumina to alkali oxide. This is a direct con- 
sequence  of  the effect  of  this ratio on  the viscosity,   r,   as: 
dWdt     =     A(&T)/r 
whence- A is a constant of proportionality, and &T is the 
amount     of     supercooling. Thus,     in     order     to     decrease     the 
devitrification rate it  is  desirable to raise  the  AlpOn^-^O ratio. 
2.4.3 Effect of Temperature 
Lowering the operating temperature of the CFQ tube from 1200°C 
to 800VC has little effect on the devitrification rate of the tube 
as shown by the curve of Figure 3^ [5] In order to cut the rate in 
half, one would need to lower the operating temperature to ap- 
proximately 400°C. In the case of thermal oxidation, an operating 
temperature approaching 400°C is much too low to be practical. 
Thus, drastically reducing the operating temperature of the furnace 
tube is  not  a useful  solution to  the  devitrification problem. 
2. 5 Methods  of  Reducing Devitrification 
As we have examined, there are methods for reducing the 
devitrification rate of the furnace tube. These methods include 
reducing operating time or temperature, altering CFQ composition by 
adding reducing agents such as Si or SiO, [5] raising the AlpOoiM-O 
ratio in the CFQ, ibr preventing nucleation sites such as sodium im- 
purities from diffusing into the tube. The last method is the one 
that  is  examined in this work. 
2.6 Proposed Mechanism of Sodium Diffusion into Fused Quartz 
is, 
A mechanism of sodium diffusion into fused quartz has been 
proposed by Dr. Ralph Jaccodine and Dr. Paul Schmidt. [14] The fol- 
lowing analysis will refer to Figure 4. Sodium evolving from the 
furnace liner combines with oxygen in the air to form Na20' vapors 
in the space between the liner and the CFQ tube at the high tem- 
peratures of oxidation or diffusion. The Na~0 moves by random 
thermal motion through the furnace ambient and, upon contact with 
the surface of the CFQ tube, undergoes ionization as follows: 
Na20 = 2Na+ + 02~ 
10 
Due to the concentration gradient which exists across the 
thickness of the CFQ wall, the Na+ will diffuse a short distance 
into the tube wall. The concentration gradient is present because 
the furnace ambient has a high concentration of sodium (in Na20 
form) coming from the' impure liner, while the ambient inside the 
tube where the clean wafers are housed is relatively free of 
sodium. 
Sodium is thought to diffuse quickly into the fused quartz be- 
cause the oxide is a very open structure and the small Na+ ions are 
believed to travel down strings of interconnected interstices in 
the CFQ structure. See Figure 5 for the comparitive size of the 
Na+ ions  and  these  structural  voids.   [10] 
As' the Na+ diffuses a short distance into the tube, a space 
charge    is    created    and    a    field    opposing    further    Na+   migration 
develops.      Due   to   the  strong  field   developed   at   the  gas-oxide   in- 
2- terface, electrons are injected from the 0 ions into the conduc- 
tion band of the SiCU. These electrons act as fast diffusion 
partners for the Na+ ions and charge neutrality in the oxide is 
satisfied. The reason the electrons are thought to be the dif- 
fusion partners of the Na+ ions rather than the 0 ions is because 
the   0       ions   diffuse   four   orders   of   magnitude   slower   than  the   ob- 
11 
served rate of-^Na"1" through the SiO„.- t 1 5] Also, it is known that 
the sodium diffusing through the SiOp is in ionic form because of 
evidence derived from capacitance-voltage studies. [16] These 
studies show that reversing the applied bias is accompanied by 
mobile ions (sodium) drifting to the opposite interface of the 
oxide in an MOS device. Also, metal-to-glass sealing shows Na+ 
collecting at the cathode as Ma metal after drifting under an ap- 
plied field. [17] Furthermore, evidence is derived by the fact that 
sodium resides at the outer surface of thermally g^ewn oxides on 
silicon, while chlorine (Cl- form) exists at the opposite 
interface.   [18] 
2.7 Method of Preventing Sodium Diffusion 
We have discussed the ionization of the neutral Na20 species 
to Na+ and 0 at the tube surface. It is proposed that by apply- 
ing a positive bias to the surface of the tube, the reaction might 
be driven in the opposite direction such that neutral Na_0 would be 
reformed, or if not, any existing Na+ would be repelled by the 
positively  charged surface. 
In order to test this theory, the experiment to be performed 
will generate an electric field across two CFQ plates with a sodium 
source centered between them. The applied field will be provided 
by  platinum wire  electrodes  bonded  to  the  surface  of  these   plates. 
12 
Depending on the conductivity of the fused quartz, the field will 
spread from the metal contact across the surface of the plate as 
diagrammed in Figure 6. Conducting plates would produce a con- 
stant, uniform field and the system would be analogous to a paral- 
lel plate capacitor. For ideally insulating plates, the field 
would drop off drastically across the surface of the plate away 
from the metal wire. It has been determined that fused quartz has 
a carrier concentration at 1000°C equal to that of an intrinsic 
semiconductor  of band gap of  1.5 eV  at room temperature.   [19]  Thus, 
it is expected  that  the field will  spread  to some degree across  the 
i 
fused quartz plate at higher temperatures. A preliminary experi- 
ment is undertaken in order to determine the conductivity of fused 
quartz at temperatures of interest. 
2. 8 Analysis 
The first trial experiments will be analyzed by atomic absorp- 
tion in order to determine whether the applied field is strong 
enough to observe an effect. Upon observing the desired effect it 
is our goal to determine the minimum electrical potential necessary 
to prevent sodium diffusion. 
13 
Chapter 3 
EXPERIMENTAL PROCEDURE 
3.1 Experimental Determination of the Resistivity of Fused Quartz 
3.1.1 Apparatus 
In order to study] prevention of sodium diffusion through fur- 
nace tube quartz, an apparatus is built ij\ order to measure the 
resistivity of a quartz tube as a function of temperature, and the 
voltage drop, as a function of distance over a clear fused quartz 
tub (CFQ) tube. The tube material is G.E. type 214 (low hydroxyl 
content). The length of the tube is 27.8 cm (11 inches) and the 
inside and outside diameters are 13 am and 15 mm respectively. A 
support structure is constructed of alumina rods cut to the ap- 
propriate size and wired together using Alumel (Al-Ni) wire. See 
Figure 7-a for an illustration of the support structure. The CFQ 
tube to be tested is cleaned in a 10:1:1 HpO, HI-kOH, and H2.Q2 solu- 
tion followed by a 10p HF etch. The outer CFQ tube housing the ex- 
periment is cleaned in the same manner. Platinum wire electrodes 
are wound around the the tube at specified positions, see Figure 7- 
b, and are contacted using platinum bright, that is, platinum 
suspended in an organic solvent. The platinum bright is painted 
over the wire-wrapped electrodes and baked on at 900°C for 2 hrs. 
The   furnace   with   liner   and   outer   CFQ   tube   are   baked   out   for   24 
14 
hours at high temperature before the test specimen is introduced to 
the furnace to reduce the surface contamination level. The system 
is now ready for the electrical measurements to be performed. 
3.1.2 Electrical Measurements 
Using a Keithley 225 constant current source, a constant cur- 
rent is driven through the tube across the 25.4 cm (10 inch) span 
between the outermost electrodes. Voltage drops are measured using 
a Keithley 610B Electrometer, an electrometer being necessary be- 
cause it has a very high input impedence (10 ohms.) Current- 
Voltage characteristics are to be determined by stepping the cur- 
rent in intervals of .1 yA and measuring the voltage drops across 
the left - center, the center - right, and the left - right 
electrodes. Measurements are also taken across the outermost 
electrodes. Voltage readings are taken immediately after the cur- 
rent is applied and again after 1 minute when the voltage appeared 
to stop changing. Time dependence of the voltage will be discussed 
in the results section. The maximum voltage output of the current 
source, known as the compliance voltage, is also varied from 10 to 
100 V in 10 V intervals. The compliance voltage is raised when the 
limit lighhe current source turnindicates that the maximum voltage 
dialed in oa the current source is not enough to force the desired 
constant current to pass through the resistive load. A filter 
switch for inductive loads is also provided on the current source 
15 
and is set in the "on" position for this experiment since the 
platinum windings cause inductive loading to occur. 
Plots of maximum current versus compliance voltage are deter- 
mined 'for temperatures of 800, 900, and 1000°C. The furnace is 
profiled to within 2°C over the 25.4 cm flat zone. The maximum 
current is defined as that current at which the limit light first 
comes on for that particular compliance voltage setting. 
Measurements are also made using a Fluke 8020A Multimeter, 
with nominal resistance measurement up to 10,000 Kfl. Resistance 
is measured across the outermost electrodes of the tube using this 
meter, and is compared with the previous measurements at 800, 900, 
and 1000°C using current source and electrometer. 
Earlier resistivity measurements were obtained by applying a 
known pote :'. i. c the sample and either using a voltage divider 
network to determine the unknown resistivity, or directly measuring 
the resulting current. The technique for measuring the resistivity ' 
of quartz [20], glass [21], and clear fused quartz [22] is essen- 
tially the same. This technique involves placing a known resis- 
tence in series with the sample to be tested and applying a poten- 
tial to the combined load.   The voltage drop across the known 
16 
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resistence   is   measured,    and   if   the   measuring   device   has   a   rela- 
tively   high   input   irapedence,    the   current    through   both   resistive 
r-, 
loads will  be  the same.     Thus,   by  equating  the expressions  for  cur- 
rent  through  each load,   the following relation is  derived:   [22] 
VVVHu 
where    k    and    n    represent    known    and    unknown   respectively. 
j> 
Therefore,   the resistence of  the  sample is  easily  determined  as: 
Cohen [23] applied a potential to fused quartz samples and 
directly measured the resulting current on a microatnmeter. He 
determined potential distributions, as well as I-V characteristics 
for two fused quartz specimens. One of these specimens, w'as par- 
tially crystallized, and it showed ohmic I-V characteristics and a 
uniform potential distribution. The other specimen exhibited non- 
ohmic behavior and displayed a nonlinear potential distribution 
over   the  same range  of experimental   temperatures,   1000  -  1400°C. 
17 
3.1.3 Analysis 
Tubular sections located at the positive and negative 
electrodes are etched in 10^5 HF for a time of 30 hours to remove 
the surface layer. This solution is analyzed by atomic absorption 
to  determine relative sodium impurity  content. 
3.2 Experimental Determination of the Effect  of  an Electric Field 
on Sodium Diffusion 
A Lindberg Globar Diffusion Furnace with an alumina liner and 
CFQ tube are used to house the experiment. See Figure 8 for a 
sketch of the experimental set-up. The apparatus consists of a CFQ 
rod with a fused quartz hook which suspends a piece of sodium glass 
(2.5x2.5x. 1 cm), acting as the source of sodium, in the center of 
the furnace. The specimens to be tested are positioned parallel 
and equidistant from the sodium source. The test specimens are 
Toshiba type 1030 commercial grade clear fused quartz plates (known 
as type II fused silica). The nominal sodium content of the plates 
is    2    ppm. The    plates     are    electrically    contacted    through    a 
platinum-to-quartz seal on the surface of the plate which faces the 
sodium source. A Kepco power supply provides a 2000 V potential 
across the 2.5 en ga^ between the plates in the furnace. The field 
is applied while the system is brought to a temperature of 700°C. 
This temperature is at the upper limit for this system since it is 
the   softening   point   of   sodium   glass.       It   is   desirable   to  perform 
,& 
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the experiment at the highest temperature possible since the con- 
ductivity of the CFQ.plate is increased with temperature, as deter- 
mined by the preliminary experiment. The system is held at 700°C 
for 2 hours, and is then allowed to cool to room temperature while 
the field remains constant. The samples are removed, stripped of 
the platinum electrodes, and shipped out in a clean teflon con- 
tainer to be analyzed. 
Care must be taken so that the plates are not contaminated by 
sodium through solid state diffusion. A number of precautions 
prevent this from occurring. It was realized that the fused quartz 
supports used to hold the plates upright would be contaminated 
during the experiment.. If this had gone unchanged, the CFQ sup- 
ports would have directly contaminated the plates through solid 
state diffusion of the sodium. In order to prevent this pos- 
sibility, the CFQ supports are nitrided. A 2500 Angstrom silicon 
nitride layer is deposited on the supports in a CVD furnace at 
700°C for a time of 100 minutes. Nitride is a good barrier against 
sodium diffusion, as a 50 Angstrom layer of nitride will allow only 
about 10£ sodium through when exposed to a sodium source at 600°C 
for 22 hours. [24] > 
Another precautionary measure involves accounting for the 
19 
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elongation of the sodium glass during the 2 hr experimental time 
period at 700 C. This amount of elongation was taken into con- 
sideration when determining the proper dimensions for the sodium 
glass. If the sodium glass is allowed to elongate too much it 
would make contact with the outer CFQ tube, thereby contaminating 
it. This would enable the. sodium to solid state diffuse through 
the CFQ tube to the supports and eventually into the plates set in 
the supports. Also, the sodium glass would stick to the CFQ tube 
and might endanger the entire apparatus. A simple experiment is 
performed  involving the sodium glass  at  the experimental  conditions P 
to be used. This provides the elongation value which determines 
the  appropriate dimensions  for  the sodium glass  plate. 
3-2.1   Platinum to Quartz Seals 
A major part of this experiment involves producing good 
platinum to quartz seals. It is difficult to embed a platinum wire 
into the surface of a CFQ plate since their coefficients of thermal 
expansion differ greatly. The first type of electrical contact at- 
tempted is a point contact involving the end of a platinum wire 
bonded to the center of the CFQ plate. The contact is a heat se|l, 
which is fabricated by heating both the platinum and the quartz in 
an oxygen/natural gas flame and pressing the tip of the wire onto 
the plate. It is fairly difficult to bond bare platinum to CFQ 
since    their    melting"   points    are    so    close: 1770 C    and    1710 C 
20 
respectively. [25-] The heat seal is found to be very weak. When 
exposed to a cleaning solution of 10:1:1 HpO, NH^OH, and HpOo, the 
platinum wire floated away from the plate. It is believed that 
this is due to the solution preferentially etching the highly 
strained contact  region.   [26] 
An alternative bonding arrangement known as anodic bonding is 
also attempted. In this process, the bond is formed electrically 
as a bias of about 500 V is applied between metal electrodes on ei- 
ther side of a glass plate. The system is heated to approximately 
the annealing point of the glass, but quartz need only be heated to 
900°C. The author is able to seal aluminum to pyrex in this manner 
but not platinum to quartz. After this bonding attempt failed, the 
explanation was believed to be that since a metal oxide transition 
layer is necessary, [17] and platinum does not form an oxide, the 
bond was unsuccessful. However, it has been shown that platinum 
can be made to form an oxide under certain conditions in the 
presence of silica. [27] Another reason for the lack of bonding is 
that sodium impurities are instrumental in the bonding 
process, [28] and the sodium content of the CFQ plates is quite low 
compared with that of the easily bonded pyrex glass. A third 
reason for not bonding is difference of thermal coefficient of ex- 
pansion   between   platinum   and   quartz,    although    the   fact-   that   the 
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platinum wire was flattened to near-foil condition should have 
eliminated this problem. Lastly, optical flatness of the surfaces 
to be bonded should be provided and the quartz plates used were not 
optically  flat.   [29] 
Fortunately, an improved heat seal was developed. This seal 
involves placing the platinum wire in a thin quartz tube (.1 cm 
dia) heating, and drawing the tube down such that is closes on the 
wire. The thin CFQ tube is then fused to the ^plate using an 
oxygen/natural gas flame. This method produces much sturdier 
seals. The seals made this way are line contacts in which the wire 
lies across the entire width of the plate at the plate center. See 
Figure 9 for the two types of contacts that were tested in this ex- 
periment. 
3.2.2 Diffusion Experiment 
An experiment is performed in order to determine the amount of 
sodium that is incorporated in the CFQ samples without applying an 
electric field. This experiment is .performed under the same con- 
ditions as the field-affleeted experiment. The resulting sodium 
distribution of this tr3KiIvwill give us a basis for comparison with 
the  field-affected diffusion profiles. 
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3.2.3 Nitriding the CFQ Plates 
An experiment will also be performed in which the backs 
(surfaces facing away from the • sodium:'s'ource) of the plates will 
have silicon nitride deposited on them. This will allow sodium 
depth profiles^'to be analyzed directly without having to be con- 
cerned with overlap from sodium diffusing into the back of the 
plate. It is believed that the field at the back of the plate will 
be much less effective since the electrical contact is purposely 
bonded to the front surface of the plate. The nitride layer will 
act as an adequate barrier to sodium diffusing into the back of the 
plate. 
In order to obtain a nitride layer only on the back of the 
plate, the plate is placed "on a flat silicon wafer in the CVD fur- 
nace. The deposition conditions are a temperature of 700°C and a 
time of 100 minutes. Thet„ deposition rate of 25 Angstrom/min 
provides a 2500 Angstrom nitride layer for these conditions. Un- 
fortunately, the plates are not optically flat and rings of 
decreasing nitride thickness appeared on the front side of the 
plate. Most of the plate front acquired 1100 Angstroms of nitride. 
Plasma etching is performed to remove this nitride on the front of 
the plate. The etch rate is 25 Angstroms/sec, and a time of .8 
minutes yielded 59 Angstroms still present on the plate front.  An 
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additional time of .4 minutes actually redistibuted the nitride 
layer such that 100-200 Angstroms of nitride resulted at the front 
surface. This layer is removed froffl the front of the plate by wet 
etching in hot phosphoric acid which has an etch rate of ap- 
proximately 90 Angstroms/minute. The plate is etched for 5 minutes 
to completely remove the nitride on the front surface. This 
process results in at least 400 Angstroms of nitride still remain- 
ing on the back of the plate. This layer thickness is enough bo 
provide  adequate protection from sodium diffusion. 
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Chapter  4 
DISCUSSION  OF  RESULTS 
4.1  Resistivity Measurements of Fused Quartz 
The resistivity of fused quartz is studied in order to deter- 
mine how the applied potential will spread across the surface of 
the fused quartz. The potential is provided by platinum contacts 
sealed to the fused quartz. Potential variation with distance from 
the electrode is  also measured  to determine  potential  distribution. 
Wallis and Pomerantz [29] have discussed the conducting 
properties of typically insulating materials in their examination 
of the class - metal sealing process. These investigators placed a 
glass plate on top of a metal foil, and applied a potential between 
the metal foil and a metal pi^be at the top surface of the plate. 
Prior to field application, interference rings are observed. Upon 
applying the field, the fringes move radially outward as the metal 
foil andj^ass plate are sealed together. Thus, it would seem that 
the potential developed between the point contact and the metal 
foil     spreads    radially    across    the    glass    plate    surface. This 
phenomenon occurred at temperatures as low as 850°C for fused 
quartz. The size of the glass plates bonded by the point contact 
method is .85 cm2 (.3 in ) The plates we use for the field-affected 
diffusion experiment   are   2.54  cm     (1   in  ),   but  our   contacts   are  of 
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line rather than point geometry, and the affected area shoud be a 
good percentage of the plate. 
v 
The application of voltage in the range of 10 - 100 V across 
the 25.4 cm span of a G. E. type 214 fused quartz tube tends to 
drive mobile sodium ions to one end of the tube. The experiment 
involves passing constant current through the tube and measuring 
the necessary voltage to drive a preselected current. The voltage, 
and thus the resistence, is found to increase continually with time 
until less than 500 nA can be driven through the tube by an applied 
potential of 50 V at 1000°C. This corresponds to a resistance 
greater than 100 I'Sl and a resistivity of 1.7 x 10 flcm. Wallace 
and Run [30] determined resistivity as a function of temperature 
for various refractory materials. Their value of resistivity forf 
clear fused quartz at 1000°C is 1.8 x 10 ftcm. These resistivity 
values are in good agreement, especially when one considers that 
values of conductivity/resistivity can range over 20 orders of 
magnitude. [31] These investigators also used platinum electrodes, 
but performed a.c. measurements to avoid polarization which often 
accompanies d.c. measurements at relatively high currents. 
The observed time dependence implies that mobile Na+ carriers 
are depleted at the positive electrode leaving the intrinsic 
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mechanism of the fused quartz to perform the conduction. This in- 
trinsic conductivity of the fused quartz is at least an order of 
magnitude less than the initial conductivity attributed to the im- 
purity  effect. 
The above result is based on a 192.5 hour period during which 
current     is     continually     applied. Experiments     performed     by 
Uenden [20] show that the time of current passage must exceed 500 
hours in order to eliminate impurity effects and determine the in- 
trinsic conductivity of crystalline quartz. Wenden proposed that 
this  intrinsic  conductivity is  due  to electrolysis, of   the quartz. 
The I-V measurements at temperatures of 800, 900, and 1000 °C 
are shown in Figures 10, 11J and 12. Measurements were taken after 
passing current through the sample for 1 minute intervals. It was 
thought that waiting a few minutes between measurements would allow 
the system to return to its original condition, prior to the 1 
minute current application. A longer period of time may be needed 
for the concentration gradient to reverse the impurity redistribu- 
tion caused by the electric field. In order to measure the intrin- 
sic conductivity of fused quartz, current should be passed through 
the sample for at least 500 hours in order to eliminate the im- 
purity   effect   and  isolate   the  intrinsic   I-V   characteristics.      Such 
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a measurement of intrinsic conductivity was not not the object of 
our investigation. It is our coal to determine the actual conduc- 
tivity experienced by the fused quartz in the impure furnace am- 
bient. Thus, we have measured the conductivity under "normal" 
operating conditions. The results of the resistivity measurements 
as they relate to the field- affected sodium diffusion experiment 
are discussed in section 4.2. 
As described above, intermittent current application is used 
to generate the I-V curves at 300, 900, and 1000°C. After a period 
of intermittent current application of approximately 100 minutes, 
the voltage drops over the 5 electrodes are measured. The results 
are given in - Table IV. The nonlinear voltage drops observed 
represent a charge distribution in the sample and, thus, the Na+ 
impurities must migrate and not return to their original positions 
during intermittent current application. A second set of voltage 
measurements across the five electrodes is taken after an ad- 
ditional half hour of intermittent curr.ent application, and is 
given in Table V. This set of voltage readings shows a similar 
redistribution of impurities. The depletion region around the 
positive electrode shows much higher voltages and thus resis- 
tivities than the negative electrode regions. The accumulation of 
!Ja  in the negative electrode regions causes the low resistivity 
observed. We speculate that holes are created at the positive 
electrode, Na+ drifts with time from the positive to negative 
electrode decreasing the carrier concentration at the positive 
electrode, and the Na+ traps electrons at the negative electrode. 
Thus, polarization occurs at the electrodes due to the space-charge 
configuration. 
These potential distributions agree with the work of Wallis 
and Pomerantz. [29] Their potential distribution, 'determined for 
glass - metal sealing, is given in Figure 13. The greatest poten- 
tial drop is shown to be just away from the anode. This may be 
compared to with the results of Tables IV and V, which also show 
the largest potential drop between the anode and the adjacent 
electrode. According to Wallis and Pomerantz, the large potential 
drop adjacent the anode is caused by the depletion of mobile ca- 
tions which produces a space charge region and the resulting high 
field.  This is in agreement with our findings and conclusions. 
It is interestiag to note that during the half hour of inter- 
mittent current application, the electrode-electrode resistance 
nearly doubled from 8.1 M$l to 16.5 M$l. After baking the system 
overnight at 1000°C, a value of 26 V is measured for a current set- 
ting of 2|IA, corresponding to a 13 Mfl resistance.  Thus, by baking 
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the system for approximately 16 hours, the resistance of the tube 
is reduced by 3 M$l, implying that some of the impurity migration 
is reversed. However, this amount of reverse migration is not 
nearly enough to return the system to its original state with a 
resistance value of 8.1 Mjl. 
At this point, current is applied continually to the system at 
the 2|*A level for 9.5 hours. The current is then reduced to 1 |*A, . 
since 2|*A could no longer be driven through the system at the max- 
imum compliance voltage of 100 V. After an additional 22 hours of 
1^A passing through the sample, the upper curve of Figure 14 is 
generated. A time of .11#A current passage, equal to 67.5 hours, 
occurs between the last point of the upper curve and the first 
point of the lower curve. The reason for the large difference in 
voltage for the two curves is that the current setting for the up- 
per curve is 1 J*A, while the setting for the lower curve is . 5MA. 
A further result, exemplified by Figure 14, is the steady 
decrease in the rate of change of voltage with time. The measured 
voltage increases from 26 V to >100 V in 9.5 hours during the in- 
itial stage of current application. As time goes on, however, the 
voltage increases much more slowly. If current application was al- 
lowed to continue, it is evident that the voltage versus time plot 
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of Figure 14 would eventually become asymptotic. The resistance 
change, SRj, during passage of current over the initial 9.5 hour 
period is 37 Mil, while the resistance change during the final 18 
hours of current application, &Rp, is only 20 Mil. Thus, we see 
that 8Rj is nearly twice &Rf, and. occurs in half as much time. The 
value of &Rp is much less because it is derived after a time of 
current passage of 174.5 hours. Wenden [20] has explained this 
phenomenon which he has observed for crystalline quartz as the 
"structure effect". He postulated that the initial conductance is 
due to migration of impurities which are conveniently located along 
orientations which are quite open and encourage migration. As 
these impurities are quickly trapped out, the resistivity increases 
drastically. The next stage involves more nearly a steady stream 
of impurities whose motion is hindered somewhat by their orien- 
tation in the crystal. This is why the resistivity now increases 
more slowly with time. In the case of fused quartz, which is amor- 
phous, one would not attribute such findings to a "structure" ef- 
fect per se, however, there are both easy and difficult pathways 
for migration in fused quartz as well. The strings of interstices 
thought to exist in the fused quartz would be the easy pathways for 
motion. The initial conductance would probably be due to migration 
of the sodium ions through these interconnected interstices. As 
time goes on these impurities are trapped out and impurities which 
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migrate   with   more   difficulty   become   the   dominant   carriers.      This 
causes  the change in resistivity  to decrease. 
It seems that this method of redistributing the impurity con- 
centration might also aid in removing the sodium existing at the 
surface of the fused quartz tube which accumulates due to the im- 
pure furnace ambient. This method is proposed in addition to the 
method of applying a positive bias to the tube with respect to the 
outer furnace line which was discussed in section 2.7. This sur- 
face layer of sodium could be swept from the hot zone region of the 
furnace where the wafers are positioned in order to undergo reac- 
tion at the highest rate. The sodium would drift away from the 
positive electrode at one end of the hot zone and would migrate 
toward the negative electrode at the other end of the tube, where 
HC1 purge gas could be flowing to remove the impurities as they 
move into the cooler regions of the furnace. The purge gas is 
necessary in order to avoid a space-charge build up that would op- 
pose further sodium migration. Thus,. V'C sodium existing at the 
CFQ tube surface would not contaminate^ the waf- ^s being oxidized 
within. This process would eliminate the need for a double-walled 
HCi furnace tube. The disadvantage of the couble-walled tube is 
that it requires a great deal of valuable furnace space, and, 
therefore,   can not   be  easily modified   to  accomodate  larger   dianeter 
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wafers. 
In order to observe the redistribution of sodium impurities, 
the quartz tube was deliberately contaminated'with sodium by ba&ing 
in an alumina liner for several hours. Current was pas§«4,,Wirough 
the tube, and, thus, potential applied while it cooled dqwn" yco^room 
temperature. It was noted that the potential necessajry-^oc.dr^e 
specified current was reduced after the impurity contain!nptToi 
Therefore, the impurity contamination decreased the resistivity of 
the fused quartz as expected. Tubular sections y/ere cut from both 
electrode regions and analyzed by atomic absorption for sodium con- 
centration in the surface layer. As predicted, the results of this 
analysis show that the section at the positive electrode has a 
lower concentration of sodium then the that of the negative 
electrode section. The values of the sodium concentrations are 
28.9 Ms/G and 3^-6 Pg/g for the anode and cathode sections respec- 
tively. This concentration of sodium exists in a surface layer of 
the tube .025 cm thick as determined by the etch rate of 1400 
angstroms/min and ■ an etching time of 30 hours in 10? HF solution. 
In a study by Wallis, [32] the polarization affect is discussed in 
relation to field-assisted glass - metal sealing. In the sealing 
process, the field applied across the glass causes mobile sodium 
ions   toJdrift,   resulting in  depletion  at   the  anode  and  enhancement 
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of the field in that region. This phenomenon is observed in the 
present study, and is demonstrated by the lower sodium content 
found at the anode, relative to the cathode, as well as by the 
potential distribution. Sutton [33] and Snow and Dumesnil [3*1] 
also- describe d. c. polarization affects in glasses. 
The resistance values obtained using the Fluke 1080A Mul- 
timeter are not affected by time of passage of current. These 
measurements are performed after allowing the system to equilibrate 
for one hour at the desired temperature. The electrode - electrode 
resistance is determined using a single measurement over a time 
period of a few seconds. The resistance values at 800, 900, and 
1000°C are 57, 32, and 16 M$l respectively. Thus, we see that 
resistance decreases with increasing temperature. 
The main factors affecting fused quartz resistivity are time 
of passage of current (intermittent of constant), temperature, im- 
purity content (Na) and applied voltage. Increasing the applied 
voltage frees more impurities from the less mobile sites in the CFQ 
network and allows for an increase in conductivity. Higher tem- 
peratures yield higher conductivity due to the increased mobility 
of the ions. In our study, resistivity is observed to increase 
with impurity content.  According to Owens [22], as impurity coli- 
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tent is greatly increased, to about 20? sodium, the conductivity is 
decreased. Initially, this finding was not expected and is ex- 
plained by a decrease in carrier mobility attributed to inter- 
ference due to the large number of carriers attempting to migrate 
sirnultaneouly. Increase in impurity content due to the ambient in 
an oxidation furnace is relatively small. The sodium content might 
increase from less than 1 ppm to hundreds of ppm in the fused 
quartz. This relatively small increase acts to increase the ionic 
carrier concentration, and, thus, the fused quartz conductivity. 
Impurities are not incorporated at a high enough level to cause a 
decrease  in conductivity due  to interference  of  the carriers. 
We have observed that the conductivity of fused quartz even at 
higher temperatures, up to 1000°C, is quite low. Also, the conduc- 
tivity decreases with time as the impurity ions (mainly sodium) 
which act as the dominant current carriers for this system are 
depleted at the positive electrode and become trapped at the nega- 
tive electrode. Thus, in the following experiment in which fused 
quartz plates are contacted via platinum electrodes, we will expect 
to see little spread of the field from the metal electrode across 
the surface of the plate during the initial stage of field applica- 
tion. However, as impurities from the ambient are incorporated 
into   the   fused  quartz,   its   conductivity   is   increased.      Therefore, 
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an equilibrium is expected to be established between impurity in- 
corporation, field-enhancement due to increased conductivity, and 
subsequent charged-irapurity repulsion and attraction. The cyclical 
nature of the field due to the changing conductivity of the fused 
quartz may be avoided by producing a surface layer on the CFQ tube 
that would be conducting at oxidation temperatures. Both tin oxide 
and silicon nitride films are suitable candidates for this applica- 
tion. 
Other investigators may be referred to for further analyses on 
the subject  of quartz   and  CFQ resistivity.   [20],   [21],   [22],   [30] 
H.2 Field-Affected Sodium Diffusion Experitoent 
The results obtained for the field-affected sodium diffusion 
verify the proposal that positive bias will reduce sodium dif- 
fusion, while negative bias will enhance the diffusion of sodium. 
The specimens tested are 2.54 cm (1 in^) clear fused quartz (CFQ) 
plates with platinum electrodes of line geometry centered on them, 
see Figure 9-b. The platinum - CFQ seal is a heat seal in which 
platinum wire is first encased in a thin CFQ tube, and then bonded 
to the plate. The experimental conditions are a temperature of 
700°C and an applied field of approximately 6 50 V/cm (2000 V/inch). 
The diffusion time is varied. A piece of soft glass is used as the 
sodium source. 
36 
A preliminary experiment was performed in which a CFQ plate 
underwent a 2 hour diffusion with no field applied. The ideal dif- 
fusion curve, shown in Figure 15, for this time of 2 hours and tem- 
perature of 700°C was generated using a value of 1.2 7 x 10 
cm /sec for the diffusivity of sodium. [35] The experimental dif- 
fusion profile of the plate was determined by atomic absorption 
analysis and is given in Figure 16. The plate was etched for 2 
hours and 30 hours and the sodium content of the etch solution 
determined. The thickness of the plate that is removed by the etch 
is calculated from the etch rate of 1400 angstroms/min and the 
etching times. In order to calculate" the sodium concentration in 
the thin slab that is etched off, it is necessary to determine the 
weight of this thin slab. The weight is derived from the thickness 
of the slab, the area of the CFQ plate, and the density of fused 
quartz (2.2 g/cm-O. The weight was also measured before and after 
etching as a check on this calculation. The agreement between the 
calculated and the measured value is quite good, and, thus, the 
etch rate and etching time are used to calculate the thickness and 
subsequently the weight of the slabs. This calculation is very 
useful since it eliminates the need for weighing the plate in be- 
tween periods of etching. The weighing procedure should be avoided 
since extraneous sodium contamination can be introduced. The 
dimensions of each plate are measured prior to etching in order to 
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insure the accuracy of this calculation. 
The ideal diffusion curve of Figure 15 is fit to the ex- 
perimentally determined diffusion profile of Figure 16. The 
resulting diffusion curve is shown in Figure 17. The important 
fact to ' be noted about this fitted diffusion curve is that the 
sodium concentration falls to zero at approximately .01 cm. Thus, 
if the backs of the CFQ plates (surface away from sodium source) 
are etched for a time of 12 hours, corresponding to a depth of .01 
cm into the plate, the sodium contained in the back of the plate 
will be removed. This is important for the field-affected dif- 
fusion, since the plates have a platinum electrode attached to only 
one of their surfaces. The electrode is attached to the surface of 
the plate which is exposed to the sodium source, see Figure 8. The 
opposite surface is not experiencing the field and, thus, undergoes 
"normal" diffusion. If the sodium concentration at the back sur- 
face of the plate is quite high relative to that on the field- 
affected surface, it might obliterate the results of the field- 
affected diffusion. To avoid this problem, the backs of the CFQ 
plates are etched for a time sufficient to greatly reduce the 
sodium level there. Plates have also been prepared with a nitride 
layer on the back to avoid high sodium concentrations f^om develop- 
ing on this surface.  These nitrided samples were prepared before 
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it was realized that the actual diffusion profile is much shallower 
than that predicted by the ideal diffusion curve. The nitrided 
samples vf&re etched for 5 minutes in hot phosphoric acid after ex- 
perimentation to remove any surface sodium contamination. It has 
been determined that approximately 90? of the sodium will be con- 
tained in the first 50 angstroms of the nitride layer. The five 
» 
minute etch will remove approximately 400 angstroms of nitride. 
Using samples with nitride on the back or etching the backs of the 
CFQ plates is determined to be an adequate method for reducing the 
sodium level in the backs of the plates. 
The first field-affected experiment was performed at 700°C for 
a time of 2 hours. The applied field was 650 V/cm (2000 V/inch). 
The results of this trial are given in Figures 18-a, 18—b and 18-c 
along with the result of a 2 hour diffusion without applied field. 
The plates were etched for times of 2 minutes, and 2, 4, 6, and 8 
hours. The 2 minute etch solution contained less sodium than the 
detection limit of atomic absorption analysis. It is observed that 
the thickness of plate etched from a depth of .0017 to .0034 cm 
shows a lower sodium content in the positively charged plate rela- 
tive to the negatively charged plate. Also, the positively charged 
plate has a sodium content lower than that of the neutral plate 
(diffused without applied field) at all etch times but 8 hours. 
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This higher amount of sodium in the charged plates compared to the 
neutral plate at the deepest etching level (8 hours) may be due to 
initial sodium contamination from the process of attaching the 
electrodes to the surfaces of the plates. The neutral plate did 
not undergo the electroding process in this experiment. 
In or^er . to further investigate the field-affected diffusion 
Si 
phenomenon, an experiment was performed for 12 hours at 700°C with 
the same field strength of 650 V/cm (2000 V/inch). The plates used 
in this experiment had a layer of nitride on their backs surfaces. 
The scale of the diffusion profile was expanded in this trial in 
order to gain more information. Therefore, etching times of 1, 2, 
3, 4, and 8 hours were chosen. A 12 hour diffusion without applied 
field was' performed on a CFQ plate, with nitride on the back, that 
had undergone the process of platinum - fused quartz sealing as 
well. This enables a direct comparison of the diffusions' with and 
without applied field. A CFQ plate without nitride was also in- 
cluded in the 12 hour diffusion experiment. 
The results definitively show that the positively charged 
plate reduces sodium diffusion, while the negatively charged plate 
enhances sodium diffusion. See Figures 19-a, 19-b, 19-c, and 19-d 
for these results.  It should be noted that the sodium concentra- 
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tion at the surface of the positively charged plate is reduced to 
nearly half that of the neutral plate; the concentration values are 
365 |*g/g and 621 Pg/g respectively. The negatively charged plate 
has a higher concentration of sodium at its surface, 716 |#g/g, 
compared with that of the neutral plate. 
These results are reconfirmed in the 20 hour diffusion experi- 
ment. During this experiment, the initial 12 hour diffusion was 
flawed due to the failure of the power supply at an undetermined 
time during its operation. Therefore, a subsequent 8 hour period 
of field-affected diffusion was performed. The results of the 20 
hour diffusion, given in Figures 20-a and 20-b, also show a lower 
sodium content in the positive plate with respect to the negative 
plate. The large sodium concentration for the 4 hour etching 
period is believed to be an anomalous effect due to the initial 12 
hour diffusion profile superimposed on the 8 hour field-affected 
diffusion profile. 
The most important result of this last experiment is given in 
Table IX. The electrodes on the CFQ plates are encapsulated in a 
thin CFQ tube which is fused to the plate. These fused quartz 
electrode holders were etched for 4 hours to-.determine their sodium 
content.  The results show that the positive electrode repels the 
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Na+, while the negative electrode attracts it. The sodium content 
of the negatively charged thin CFQ tube is twice that of the posi- 
tively charged tube, 1391 Mg/g and 693 Hg/g. The value of the 
sodium concentration for the positively charged tube is also found 
to be less than that for the tube that did not undergo deliberate 
sodium contamination which has a concentration value of 775 Hg/g. 
As the temperature of operation is increased, the conductivity of 
fused quartz also increases. Thus, application of this technique 
of sodium prevention is particularly well suited to high tempera- 
ture (11 GO - 1200°C) oxidation and diffusion processes performed on 
silicon wafers. 
The experimental result; cf the field-affected sodium dif- 
fusions are summarized in Tables .VI through IX. 
4.3 Further Experimental Work 
Experiments involving field-affected sodium diffusion should 
be conducted at higher temperatures, such as the operating tempera- 
tures of the oxidation and diffusion furnaces. The higher tempera- 
tures are expected to maximize the effect of sodium prevention 
since the higher temperatures will increase the conductivity of the 
fused quartz enabling a more uniform, enhanced field to be ob- 
tained. The bias conditions should also be varied in order to 
determine the minimum potential necessary to produce the desired 
1\2 
reduction of sodium diffusion.  Neutron activation analysis might 
also be employed.  In this method, neutrons bombard the sample and 
p-D       oh ok 
convert Na J to Na  .  The Na  is a gamma-ray emitter, and the 
plate may be profiled by etchirg sections and placing the etched 
solution in a scintillation counter to accurately determine the 
sodium contained within. This method has better sensitivity com- 
pared with atomic absorption analysis. Also, autoradiographs of 
the plates could be obtained in order to view the sodium concentra- 
tion across the plate and through its depth. The sodium concentra- 
tion across the plate will also provide information about the field 
distribution since the sodium content will vary inversely with 
field strength for the positive plate. 
The use of conducting films applied to the outside of the 
fused quartz tube should also be investigated. One such film is 
tin oxide, which may possibly be sprayed onto the outside of the 
tube. 
Non-conducting coatings that are blocking to sodium diffusion 
might also be investigated. 'Silicon nitride is a sodium blocking 
film, and was successful..   •. . eyed in this experiment as such. 
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Chapter 5 
CONCLUSION 
The results of the field-affected sodium diffusion experiment 
definitively. show that positive bias reduces sodium diffusion into 
fused quartz, while negative bias enhances sodium diffusion. This 
is demonstrated at experimental conditions of 700°C and 650 V/cm 
(2000 V/inch). It is anticipated that higher temperatures and 
higher applied fields will be even more* effective as the conduc- 
tivity of fused quartz will be increased. The increased conduc- 
tivity of the fused quartz will enable an enhanced, uniform field 
to be developed across its' surface. Application of a conducting 
film will also enable a constant uniform field to be produced on 
the surface of the fused quartz furnace tube. 
The implication of these experimental findings is that preven- 
tion of sodium diffusion through -furnace tube quartz by applied 
field is a feasible approach to reducing sodium contamination and 
subsequent heavy metal contamination of the wafers processed within 
these tubes. The results also substantiate the proposed mechanism 
of sodium diffusion in which sodium oxide reacts at the fused 
quartz surface to form positively charged sodium ions. The applied 
positive charge at the surface of the fused quartz either reverses 
or retards the reaction,  or repels the sodium ions that are 
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produced. Thus, the in-diffusion of sodium is prevented to a large 
extent. The application of this phenomenon to furnace tubes 
employed in oxidation and diffusion furnaces in which silicon 
wafers are processed will eliminate both sodium and metal con- 
taminants in the wafers. Also, the sodium impurities which act as 
nucleation sites for devitrification will be unable to penetrate 
the tube surface. This will result in increased lifetime of the • 
fused quartz furnace tube. 
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Table IV. Potential drops across the 
five electrodes of the CFQ 
tube at 1000°C and 1 uA. 
Position 
Anode*- right probe 
right probe - center probe 
center probe - left probe 
left probe - Cathode 
* Anode afad Cathode are 
located at the right 
and left end of the 
tube respectively. 
Voltage (V) 
4.2 
i         2.8 
1.0 
.1 
8.1 Tots il 
Table V. Potential drops across the 
five electrodes of the CFQ 
tube at 1000°C and 6.A uA. 
Position Voltage (V) 
Anode - right probe 60.0 
right probe - center probe    24.5 
center probe - left probe     12.0 
left probe - Cathode 9.0 
105.5 Total 
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Table VI-A.  CFQ plate diffused for 2 hours at 700°C. 
Etch Time (hrs)   Depth (cm) Na Content (pg/g) 
.033 (2 min.)   2.8 x 10~5 * 
2          1.7 x 10~3 151 
A          3.4 x 10"3 75 
6          5.0 x 10~3 38 
8          6.7 x 10~3 * 
•Cable VI-B,  Positively charged CFQ plate diffused for 
2 hours at 700°C. 
Etch Time (hrs)   Depth (cm) Na Content (pg/g) 
.033 (2 min)     2.8 x 10_5 * 
2           1.7 x 10"3 124 
4          3.4 x 10~3 41 
6      i"*  5.0 x 10~3 * 
V_—-—i      -3 
8           6.7 x 10 41 
Table VI-C. Negatively charged CFQ plate diffused for 
2 hours at 700°C. 
Etch Time (hrs)    Depth (cm) Na Content (pg/g) 
.033 (2 min)     2.8 x 10~5 * 
2           1.7 x 10~3 135 
'4           3.4 x 10"3 !       88 
6           5.0 x 10~3 * 
8           6.7 x 10~3 44 
*  Below detection limit for atomic absorption 
analysis. 
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Table VII-A.  CFQ plate with nitride on back diffused 
for 12 hours at 700°C. 
Etch Time (hrs) Depth (cm) 
1 8.4 x 10~4 
2 1.7 x 10~3 
3 2.5 x 10~3 
4 3.4 x 10~3 
8 6.7 x 10~3 
Na Content (yg/g) 
621 
286 
205, 
273 
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Table VII-B.  Positively charged CFQ plate with nitride 
on back diffused for 12 hours at 700 C. 
Etch Time ( :hrs) Depth (cm) Na Content (pg/g) 
1 . 8.A x 10~4 365 
2 1.7 x 10"3 221 
3 2.5 x 10~3 211 
4 3.4 x 10~3 211 
8 6.7 x 10~3 57 
Table VII-C.  Negatively charged CFQ plate with nitride 
on back diffused for 12 hours at 700 C. 
Etch Time (hrs) Depth (cm) Na Content (ug/g) 
1 8.4 x 10~4 716 
2 1.7 x 10~3 289 
3 2.5 x 10~3 207 
4 3.4 x 10~3 207 
8 6.7 x 10~3 56 
Table VII-D.  CFQ plate diffused for 12 hours at 700"C. 
Etch Time (hrs) Depth (cm) Na Content (yg/g) 
1 8.4 x 10-4 610 
2 1.7 x 10~3 281 
3 2.5 x 10-3 201 
4 3.4 x 10-3 201 
8 6.7 x 10~3 54 
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Table VIII-A.  Positively charged CFQ plate diffused 12 hours 
followed by 8 hour field-affected diffusion 
_ - r> 
- at 700QC. 
Etch Time (hrs) Depth (cm) Na Content (PR/R) 
1 8.4 x 10~4 304 
3 2.5 x 10~3 203 
4 3.4 x 10~3 304 
8 6.7 x 10~3 76 
Table VIII-B.  Negatively charged CFQ plate diffused 12 hours 
followed by 8 hour field-affected diffusion 
at 700°C. 
Etch Time (hrs)    Depth (cm) Na Content (yig/g) 
1 8.4 x 10~           377 
3 2.5 x 10~3 251 
4 3.4 x 10"3         301 
8 6.7 x 10~3          75 
Table IX.  Thin CFQ tube (used to encase platinum electrode) 
diffused 12 hours followed by 8 hour field-af- 
fected diffusion at 700°C. 
Description    Etch Time (hrs)    Depth (cm)    Na Content (yig/g) 
Positive 
Electrode 4 3.4 x 10 693 
Negative 
3 
Electrode 4 3.4 x 10 1391 
Neutral 
Electrode* *      4 3.4   x   10 775 
*     Did   not   undergo   experimentation. 
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FIGURES 
\. 
52 
<") (b) 
Figure 1.  Schematic representation of two structural 
forms of the same composition: 
(a) ordered crystalline form 
(b) random-network glassy form 
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Figure 2.  Devitrification rate at 1350 C after 
two hours as a function of molar ratio 
of alumina to alkali metal oxide. 
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Figure 4.  Schematic representation of four fluxes 
proposed to be involved in the diffusion 
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Si o °2      HPN* 
Figure  5.      Schematic   representation  of   the ..structure 
of   a   sodium  silicate   glass. 
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Figure 6.  Possible profile of applied potential 
across surface of fused quartz plate. 
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Figure 7.  Experimental set-up: 
(a) support structure 
(b) electrode positioning on fused 
quartz tube 
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Figure 8.  Experimental set-up for field-affected 
sodium diffusion. 
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r 
Figure 9.  Platinum to quartz seals: 
(a) original point-contacted heat seal 
(b) improved heat seal 
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at 800 C for clear fused quartz 
as determined by method of inter- 
mittent current application. 
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Figure 11.  Current - Voltage characteristics 
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as determined by method of inter- 
mittent current application. 
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Figure 14. 
V 
Upper curve generated after 9.5 hours at 
2 \ik,   and subsequent 21 hours at 1 yA. 
Between upper and lower curves, 67.5 hours 
of current passage at .1 uA level occurred. 
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Figure 16.  CFQ plate diffused for 2 hours at 700 C. 
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Figure 19. (a)     CFO plate with nitride on back 
diffused for 12 hours at 700°C. 
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